An experiment was conducted to study the effect of different concentrations of silver thiosulphate (STS) on flower longevity of Clarkia pulchella Pursh. The buds were subjected to 0.1, 0.25, 0.5, 0.75 and 1 mM of STS for 1 h pulse treatment. A separate set of flowers kept in distilled water was designated the control group. STS treatment resulted in improved flower longevity besides maintaining higher fresh and dry mass, water content and floral diameter. Conversely, total phenols, lipid peroxidation and lipoxygenase (LOX) activity decreased. The flowers treated with STS showed a significant increase in the activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX). Amongst various grades used, 0.5 mM STS was found to be most effective in enhancing the flower longevity by 1.5 days. The present study reveals that STS maintains lower LOX activity, thereby increased membrane stability index by improving the activity of antioxidant enzymes.
INTRODUCTION
Onagraceae is a dicotyledonous family of flowering plants that harbors important and vide range of ornamentals. Amongst these, Clarkia pulchella is grown throughout the world as an ornamental plant and can be used as cut flower because of its showy and attractive color. Hence, it has a great potential for flower market. However, its short flower longevity creates a big hurdle in its potential ornamental value. Flower senescence is often a very complex process involving many cellular and biochemical changes. The biochemical changes are regulated by several plant growth regulators such as ethylene, cytokinins and gibberellins. Amongst the growth regulators, ethylene is, in some species, the primary regulator of flower senescence and petal wilting is accompanied by a peak in ethylene production (Nichols 1977; Silva et al. 2015) . Ethylene serves to initiate and to regulate the processes that finally lead to programmed organ death. The early onset of ethylene synthesis during senescence of carnations and the retardation of senescence by inhibitors of ethylene biosynthesis indicate the importance of ethylene in this process. It has been reported in several species such as carnation, Petunia and Ipomoea that ethylene antagonists delay the process of flower senescence by regulating the ethylene biosynthesis and action (Ichimura & Hiraya 1999) . Amongst ethylene antagonists, silver thiosulphate (STS), aminooxyacetic acid (AOA), 1-methyl cyclopropene (1-MCP), aminoethoxyvinyl glycine (AVG) and norbornadiene (NBD) are the most important in modulating the process of flower senescence. The activity of 1-aminocyclopropane-1-carboxylic acid (ACC) synthase (typically the rate-limiting step) is markedly reduced by inhibitors of pyridoxal phosphate enzymes, such as AOA and AVG (Baker et al. 1977) . As AOA prevents ethylene biosynthesis, it has limited value, offering little protection in ethylene-polluted environments (Fujino et al. 1980; Harkema & Struijlaart 1989) . The cyclic olefin, ____________________________________________________________________________________________________________________ NBD, also inhibits ethylene action, presumably by competitively inhibiting the ethylene binding site (Sisler et al. 1983) . Being carcinogenic and with foul odour make it unfit for the use in cut flowers as ethylene antagonist (Reid & Wu 1992) . It has been found that silver acts at the first step of ethylene response pathway, possibly at the ethylene receptor protein (Beyer 1976 , Kovacic et al. 1991 Knee 1995) . STS has also been widely used as an experimental probe for ethylene involvement in plant processes, thus making it the most effective ethylene antagonist (Abeles et al. 1992; Knee 1995) . The application of silver ions to the flowers substantially reduced ethylene binding. Silver is supplied as an ionic complex with STS, which is more mobile in plant tissue and less phytotoxic. Carnation flowers treated with STS did not exhibit the climacteric rise in ethylene production nor did they accumulate ACC. This results in an extended vase life (Veen 1986; van Altvorst & Bovy 1995) . The upsurge of ethylene production regulates the activity of proteases, leading to overall protein degradation. The present study was undertaken to get knowledge on the effect of ethylene antagonist, STS, on the flower longevity of this economically important ornamental flower.
MATERIALS AND METHODS

Experimental setup
Detached flowers of local genotype C. pulchella Pursh (purple passion) were harvested at 8 AM from the uniform and healthy plants growing in the Kashmir University Botanic Garden (KUBG). The cut shoots with flower buds (at 1 day before anthesis) were immediately brought to the laboratory, cut to a uniform pedicel length of 5 cm and divided into six sets. The buds were kept for 1 h with their pedicels immersed in STS solution of different concentrations (0.1, 0.25, 0.5, 0.75 and 1 mM, respectively) and then transferred to distilled water (DW), one flower in one vial. A separate set of floral buds held in DW served as control. For each treatment, there were 25 replicates (flowers). The treatment effects were evaluated by keeping the experimental setup under natural conditions in the laboratory with temperature ranging from 21 ± 2 °C under cool white fluorescent light with a mix of diffused natural light (10 W·m -2 ) for 12 h a day and relative humidity (RH) of 60% ± 10%. The day of transfer of buds to DW was designated as day zero (D0). All measurements and analyses were performed on days 2 and 4 of transfer to DW. All chemical analyses were determined on fresh tissue samples.
Floral diameter
Floral diameter of 10 flowers from each treatment was taken as mean of two perpendicular measurements of the flower. Fresh mass (fm), dry mass (dm) and water content For fresh mass determination, 5 flowers were taken at the fully open stage, whereas the same flowers were oven dried at 70 °C for 48 h for calculation of dry mass. The water content (g) was measured as difference between fresh and dry mass. Protein estimation Soluble proteins were estimated by the method of Lowry et al. (1951) using bovine serum albumin (BSA) as standard.
Estimation of total phenols
Total phenols were estimated by the method of Swain and Hillis (1959) using gallic acid as standard.
Membrane stability index (%MSI)
The electrolyte leakage was calculated by incubating 500 mg of petal tissue in 25 ml of deionized water at 25 °C for 30 min and 100 °C for 15 min (Sairam 1994) . The conductivity of the samples incubated at 25 °C was designated as C1 and those incubated at 100 °C was designated as C2 after recording the values on Elico CM180 Conductivity meter. Membrane stability index (MSI) was calculated as follows:
Where C1 is the conductivity measured on samples without heating and C2 is the conductivity of samples measured after 100 °C treatment.
Lipid peroxidation
Lipid peroxidation was determined by the method of Heath and Packer (1968) . Petal tissue (250 mg) was homogenized in 7.5 ml of 0.1% trichloroacetic acid (TCA) and centrifuged at 15,000 × g for 10 min under refrigeration. One milliliter of supernatant was taken and mixed with 4 ml of 0.5% thiobarbituric acid (TBA) diluted in TCA (20%). The reaction was started by incubating the mixture at 95 °C ____________________________________________________________________________________________________________________ in water bath for 25 min. Reaction was ended by placing the test tubes in ice. Absorbance was recorded at 532 and 600 nm. Nonspecific absorbance at 600 nm was subtracted from the value at 532 nm. The TBA content was calculated using its absorption coefficient (ɛ) of 155 mmol -1 cm -1 . Catalase (CAT) assay Catalase (CAT) activity was estimated by the method of Aebi (1984) . Petal tissue (1 g) was homogenized in 100 mM potassium phosphate buffer (pH 7.0) containing 1 mM EDTA. The reaction mixture contained 50 mM potassium phosphate buffer (pH = 7.0), 12.5 mM H2O2, 50 µl enzyme extract and distilled water to make the volume to 3 ml. Reaction was started by adding H2O2, and the CAT activity was determined by the consumption of H2O2 for 3 min at 240 nm and was expressed as µmol H2O2 g -1 fm. Superoxide dismutase (SOD) assay Petal tissue (1 g) was homogenized with 0.1 mM potassium phosphate buffer (pH 7.8) containing 0.1 mM ethylenediaminetetraacetic acid (EDTA), 1% PVP and 0.5% (v/v) Triton X-100. The homogenate was centrifuged at 15,000 × g for 10 min. The supernatant was filtered through Miracloth and used for the enzyme assay.
The activity of superoxide dismutase (SOD) was measured using the method of Dhindsa et al. (1981) by monitoring the inhibition of photochemical reduction of nitroblue tetrazolium (NBT). The reaction mixture contained 50 mM sodium carbonate, 75 µM NBT, 0.1 mM EDTA, 13 mM methionine in 50 mM phosphate buffer (pH 7.8) and 0.1 ml of the enzyme extract in a final volume of 3 ml. The reaction was started by adding l µM riboflavin and placing the test tubes in water bath at 25 °C and illuminating with a 30 W fluorescent lamp. The reaction was stopped by switching off the light and keeping the test tubes in darkness. Identical test tubes which were not illuminated served as blanks. Absorbance was measured at 560 nm and one unit of SOD activity was defined as the quantity of the enzyme that inhibits the photo reduction of NBT to blue formazan by 50% as compared to the reaction mixture kept in dark without the enzyme extract. The SOD activity was expressed as units min -1 ·g -1 fm.
Lipoxygenase (LOX) activity
Lipoxygenase (LOX) activity was determined by the method of Axerold et al. (1981) . Petal tissue (1 g) was homogenized in extraction buffer containing 50 mM potassium phosphate buffer (pH 6.5), 10% polyvinyl pyrrolidone (PVP), 0.25% Triton X-100 and 1 mM phenylmethanesulfonyl fluoride (PMSF). One milliliter of reaction mixture contained 50 mM Tris-HCl buffer (pH 6.5) and 0.4 mM linoleic acid. The reaction was started by adding 10 µl of crude petal extract to the reaction mixture and absorbance was recorded at 234 nm for 5 min and activity was expressed as µmol·min -1 ·mg -1 fm in the flower petals. Ascorbate peroxidase (APX) APX activity was assayed using a modified method of Nakano and Asada (1981) APX activity was determined from the decrease in absorbance at 290 nm due to oxidation of ascorbate in the reaction. 1 mL assay mixture contained 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM ascorbate, 0.5 mM H2O2, and 10 μL of extract. H2O2 was added last to initiate the reaction, and the decrease in absorbance was recorded for 3 min. The extinction coefficient of 2.8 mM -1 ·cm -1 for reduced ascorbate was used in calculating the enzyme activity that was expressed in terms of micromole (µM) of ascorbate per minute per gram fresh mass.
Experimental design and data analysis
The experiments followed a completely randomized design and with at least three independent biological replicates. The entire experiment was replicated three times to minimize the variability between the variables. The data has been statistically analyzed, and LSD was calculated at P0.05 using MINITAB (v 15. 1.2-EQUINOX_Softddl.net) software.
RESULTS
Flower senescence was characterized by loss of petal turgidity and out rolling (Fig. 1) . The exogenous application of STS at 0.1, 0.25 and 0.5 mM resulted in increase of flower longevity up to approx. 1.5 days as compared to the control (Fig. 2) . The longevity at 0.75 and 1 mM decreased much below the control. The flowers treated with STS at concentrations of 0.1, 0.25 and 0.5 mM had higher values of some evaluated parameters compared to the control. Flower longevity, floral diameter, fresh and dry mass, membrane stability, contents of soluble proteins as well as activities of CAT, SOD and APX increased with STS concentration up to 0.5 mM. There was a constant increase from 0.1 to 0.5 mM of STS. After 2 and 4 days, the floral diameter was larger by 41% and 59%, respectively; fresh mass was bigger by 4% and 23%, respectively; and dry mass by 13% and 106% (Table 1) . Besides, maximum water content was registered in the flowers treated with 0.5 mM STS followed by that of 0.25 STS treatment compared to the control. Floral diameter showed a significant increase with the progression in time from D2 to D4 in the flowers treated with various grades of STS as compared to the control flowers. Maximum MSI was registered in the flowers treated with 0.5 mM STS followed by flowers treated with 0.25 mM STS. A significantly higher content of soluble proteins had the samples of flowers treated with various grades of STS up to 0.5 mM concentration, thereafter a sharp decrease was noticed with the further increase in concentration of STS. A steep decline in soluble protein content was registered with the progression of time from D2 to D4 irrespective of treatments. A significantly lower phenolic content was recorded in the floral buds treated with 0.5 mM of STS when compared to control. However, a higher level of phenolic content was noticed with the further increase in concentration of STS. Lipid peroxidation decreased in the samples of flowers pretreated with 0.1, 0.25 and 0.5 mM STS then increased (Table 1) . The CAT activity of the samples from flowers treated with various grades of STS was significantly higher than the corresponding samples from the control flowers, except in the flowers treated with 1 mM STS, where the samples showed a lower CAT activity (Fig. 3a) . SOD and APX activity presented a similar trend, however, a sharp decrease in SOD activity was registered also for 0.5 mM STS (Fig.  3b, 3d) . The lowest value of LOX activity was registered in the samples from the treatment with 0.5 mM STS and the highest at 1 mM STS (Fig. 3c) . The activity of APX was zero at 1 mM STS (Fig. 3d) . 
DISCUSSION
The exogenous application of ethylene antagonist STS resulted in increased flower longevity when compared to flowers submerged in distilled water. The higher fresh and dry mass along with bigger flower diameter could be due to increased sugar levels in the petal tissues which in turn resulted in the decreased water potential and, hence, promoted water influx (Zang 2001; Silva et al. 2015; Iqbal et al. 2017) . Our results corroborate with the earlier findings on Consolida, Petunia, Dianthus, Lathyrus and Tropaeolum majus flowers (Kikuchi et al. 2003; Wawrzyńczak & Goszczyńska 2003; Finger et al. 2004; Silva et al. 2015; Iqbal et al. 2017) . Sugars have been suggested to reduce respiratory losses because of suppressed climacteric ethylene rise in certain plant tissues (Dar et al. 2014) . Maximum MSI maintained in the flowers treated with STS could be due to reduced ethylene production, which directly affects the stability of the membranes. The direct effects of ethylene on membrane stability has been shown in many flowers such as Petunia, carnation and Ipomoea by increasing the permeability of the membrane, thereby leading to increased leakage of proteases from vacuole into cytoplasm (Fukuchi-Mizutani 2000) . During the present study, the decreased lipid peroxidation and LOX activity at 0.5 mM STS could be one of the reasons for improved MSI maintained by silver ions. Silver impregnation has been found to maintain membrane stability in the cut stems of carnation and Chrysanthemum (Kofranek & Paul 1975) . The increase in soluble protein content up to 0.5 mM it is connected with regulation of ethylene response (McClellan & Chang 2008; Shahri & Tahir 2010) . Decrease in phenols in the flowers treated with 0.5 mM STS associated with increased flower longevity has been reported in many flowers such as Hemerocallis, Ranunculus and Dianthus (Gulzar et However, the increased level of phenols was found to be associated with increased vase life in cut rose petals (Mwangi et al. 2003) .
The current investigation showed that maximum activity of antioxidant enzymes (SOD, CAT and APX) was found in the flowers treated with 0.5 mM STS,.. It has been explained that their accumulatin coincides with decreased lipid peroxidation indirectly and reducion of intracellular reactive oxygen species (ROS) concentration directly by the silver treatment. In Pelargonium zonale, the silver resulted in enhanced activity of SOD likewise the activity of CAT was increased by the silver treatment in Bacopa monnieri. This was achieved by the conversion of • O2 to O2 and H2O2 and less ROS formation, respectively, in these two species by means of nanosilver treatment (Krishnaraj et al. 2012; Hatami & Ghorbanpour 2014) . Similarly, APX detoxify the ROS during the process of flower senescence by converting the toxic chemical species such as 
CONCLUSIONS
The study suggests that exogenous application of STS at concentration of 0.5 mM improves the flower longevity of C. pulchella by about 1.5 days as compared to the control, up to 6.6 days. Moreover, STS increases fresh and dry mass along with floral diameter which is connected with modifications of senescence related enzymes activity. Our study proposed that STS treatment could provide an efficient strategy for improving flower longevity of this flower to boost the economy of cut flower industry.
